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lu In general r the Germans had most of the necessary equipment, but our 
work progressed slowly because tre depended on the 'productivity of the 
workshops (machine shops, electrical shops, etc*)* There was 
always^ difficulty with m® vacuum ^ tube* supply." They had no spare German 
tubde and consequently used them very carefully# The work oh the redesign 
and improvement lasted until September 1951# The first computer, however, 
was delivered to the Soviets in July 19k9» when, it was apparently, taken 
to a firing range* This firing range, according to hearsay, was about 
500 miles southeast of Moscow* The ' eemputer delivered to 1 p* ' Soviets r 

was in a mock-up form* £$et Diagram 6, "page lUo/ 

Modification of the Compute r System for Sovi et Components 

g 0 The biggest prbblem in modification to accoMnodate Soviet oomponenfcs 

lay in the change from 500 cycle components to 50 cycle components* This 
change-over was made "because there were ho 500 cycle components available* 

The fo~ cycle coxrpohents were larger and hot as accurate ai the Geiman 
500' cycle' equipment* For ' example, the Geratah coordinate resolvers were 
supposed to be accurate down one mil * The Soviet resolvers were ac- 
cjurite to five ails; The German potentiometers lised in the Waseerfall 
od£$uters were ' accurate to' about two' ndls, whereas the Soviet potentio** 
jailers were ‘accurate oalytb 10' 'mils*" The accuracy of the Soviet compon- 
ents ' drove bur group to compensating methods, and we hoped that the 
errors would cancel out* 

Soviet Eesistors _ 

S # I' Soviet' resistors were very poor# They fceedMt resistors 

acchWSe Within T^O per cent, but could o^y get fi^ per cent resistors* 

Ve ha d to sort through hundreds of resistors in order to get the ones 
we needed* ihe temperature characteristics were also bad* It was nec- 
essary to readjust the computers as the resistors warmed up* It was 
dphsidered standard procedure at Ml 1*9 to *11 cw a one hour warm-up 
piriod for computer equipment* It was later planned to provide some 
temperature oontrol equipment in the computers in order to meet the 
Soviet specification of minus 70 degrees to plus 50 degrees centigrade# 

Soviet Condensers 

The aeouraoy of the condensers were equally as bad as the Soviet resis- 
tors* Production precision condensers were accurate only to five per 
Cent* The temperature characteristics were also unsatisfactory* 

Sdviet Vacuum Tubes 

8* Soviet vacuum tubes were generally reliable* The tube characteristics 
weird roughly comparable to those available to the Germans during the 
tir* However, tubes “ with glass" envelopes tended 'to become jasey .ta a 
Mlatlvely * short time • The Supply was* evidently a deqwteii '*W6ouj^ it 
took months' to deliver onrequoets* The standard' answer' to queries on 
supplies wai ^ater^* After a short while, we recognized the inevitability 
of "long delays in the tube supplies, and laid in an adequate supply which 
we kept up to a certain level at all times* 
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Laboratory Test Equipment 

9* The lack of 'test equipment was the largest problem that the Germans had 
in the tJSSE# It was difficult to obtain an' adequate su pply o f ammeters y 

milliammeters , frequency meters, voltmeters , 'wattmeters • L | Germans 

25X1 were forced to construct our own stroboscope, two-beam oscilloscope, and 
vacuum^tube-vol tine ter* The test equipment that we did have was largely 
CRjfniin^iuetrii^ and'Sh^Lisli*’'' The Germans were forced to improvise a 
great deal in providing test equipment. The Soviet engineers were quite 
used to ' this situation, and were very good at improvising whenever they 
were faced with lack of equipment. The Soviets were evidently surprised 
at seeing test jacks built into computer equipment. They were in the 
habit of "lashing up" equipment in a very crude form. 

Tjaprovement to the Initial Trajectory Computer (Einlenkrechner ) 

10, The~f irst Vasserf all computer system was delivered to the Soviets in 191*8. 
This represented the completion of the original design s tarted in Germany 
during the war. Even before the ' firing tests in the summer of 19b9 1 
the Soviets demanded more accuracy in the computer whose inaccuracies 
were as great as 10 degrees. The improvements included: 

a* Stabilized voltagq source for the servo amplifier. 

b. Phase corrector for input of Gamma double dot to amplifier. 

c# Electrical derivation of Gamma double dot versus tachometric 
derivation in the original. 

d# A limiter was included in the computer to prevent the missile from 
closing more rapidly than for a target moving at four degrees a 
second " (from the control point) • This was done in order to prevent 
the necessity for hi^i accelerations in control of the missile 
during its initial trajectory. 

e. A "chopper" in the design as an improved method of producing 
an alternating current carrier. 

XI* This computer was tested by applying an arbitrary input, and measuring 
the difference between the output and the theoretical output# The 
accuracy of the computer was below one degree, or better. During 
the period that work was being done on the improvement to the com- 
puter, the Soviets displayed no apparent interest. However, in the 
mornings when the Germans came to work, it was obvious that someone 
had been tinkering with the equipment. This to me reflected covert 
Soviet interest in the TOLseerf all computer* The computer was tested 
and turned over the the Soviets in September 1951# ^5ee pages 9-16 #7 

Design to Eliminate the Parallax Computer 

12# The parallax computer introduces errors into the calculation of the 

flight trajectory and during the control that follows. The German group 
redesigned the initial trajectory computer so that the parallax distance 
setting in the computer was gradually reduced to zero over a period of 
12 seconds, starting approximately eight seconds after firing of the 
Wasserfall missile. This, of course , introduces a parallax error. Ihis 
error, however, is a diminishing error, and rapidly reduces to a second 
order term in the flight computation. This gives ( an overall improvement 
since the entire parallax computer is gradually cut completely out of 
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the conpitatAea; ‘ pages 9-3.6^ The parallax 

errors of plus or two meters for the baw line dis 

3/li degree in vertical' angle measurement. EUmination 

eSnmter not only reduced error in measurement, tint in 

nees of operation of the a±#it through nhich the joyat 

Redesign of Servo Systems to Eliminate Ta chometers 

13# One advantage leerued from the ch 
ieryb systemdealgBu, AttfclT# fre 


tr contributed 
_ v j.e u, and / 
the parallax l 

ted the smooth-* 
operator' 1-ooked * 









true 

compared 


■1ATV UPVW | » 

mating euri’ent ‘•'notch* fUtersj^LZ.. 

SitSauis'tfis iodnlatibOP ^^' Wring 
t 0 the <^ier JU^riSBcystability error^ 4t-^b0cycles, the modulation 
bahd i and comparable to the errors obtained in even 
jj^agSflSjywbll frequency-stabilized pource. Consequently, the Germans 
dliigned andbuilt these notch filters to give phase advance to the 
Input signals #7 
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This redesign" took' place from late 19h9 to late lggl. , 

the r asiilt a of this r edesighwere ' successful . Since very little test 
iduipaieht iiiis ‘available tb"bonflrn'tKe'exAot performance,oharmcteristies 
of the Redesigned 'ssrvo systems, it must be considered that the require- 
ments war# not too atringwnt. 

Redesign of the Cartesian Cocrdinats Parallax Com puter Amplifier 

16. 


As a result of the succeis in dssigaing phase advance networks at $0 
cycles , hew amplifiers were designed using " notch" filters for use in 
the Cartesian coordinate paralla* computer. I 

| The design was actwBy, bailed out by Ing. BIELECKE. 


25X1 


25X1 
25X1 

Rtable Voltage Source 

17. During the design and experimentation carried out on the Wasserfall com- 
puter, l~1< Idecided that it was necessary to have a very stable 

9AY1 voltage supply at 500 cycles to bench-test the breadboard computers. 

It was necessary that the voltage stability be within 10 per cent, and 
the frequency within five per cent. A request was mads of the Soviets 
to procure such a power supply, but they were unable to fulfill the 
request. Consequently, the Germans used an old BOAS Company converter 
that had been brought with them from Germany. 

Tan Angle Computer 

!8. : During the development of the Wasserfall computer, the Soviets made a 
suggestion regarding the "design of the Tau-angle computer. The German 
■> design'of' the Tau-^angle computer involved the calculation of Tau by 
picking off the appropriate angle (sigma dot) and multiplying it by the 
siiis of the vertical angle through the use of a sine resolver. The 
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Soviets suggested* method whereby ‘the Tau' calculation could be accom- 
plished hy'precessibri'of a gyrbscopeo /X technical discussion of the 
two methods of Thu-angle~ deteii^natibn fe f ound on pages ' 2k and 
The Wasserfall missile was stabilized in the roll axis* It can' be 
seen" that after the vertical firing, if the missile is required, for 
example, to turn to the west > a turn control to the missile will result 
in the missile, in effect, being oh its side* If further turn control 
signals are applied to the turn control axis of the missile, the missile 
will hot turnout go either up or down* ,Td"preveht this, the Tau-angle 
cdmputer re s olves the change - in' axis that resulte frcmi ' the missile being 
stabilized in roll and the optical missile control sight turning on the 
ground according to the following equations 

mh , T » (f sin 

where T is the angle of translation,^ is the angle through 
which the optical control sight has turned* 

19 # # ***$±01 angle to the missile from the control sight# Con- 

sequently the elevation and torn control signals that originate from 
the Joystick (Ehueppel) ’ operator ' are resolved into sine and cosine com- 
ponents at the angle Tau. The sine components of the joystick signals 
are 'then" sent to the Ms eile' elevation control extern' wla" Bui radio 
transmitter ^ and cosine components are sent to the turn control system 
of the missile# 

Automatic Selection of Offset Paramsters in tha Computer 

20# In brSfcx* to rehder^the'Waseerfall" system ^re " effective i a design whs".'" 
made In X93>0 of a component to' provide automatic insertion of the offset 
parametoraXsigM • Thus, in the selection of a firing site by 

the Wasserfall coamarider, the appropriate offset values required in 
the parallax cbngrtftere were inserted by a preset selector* j/5?*eknioal 
details ' and' diagram are found dn p a,gee> 26«2£U7 

Height Parallax Computer 

21# Wasserfall computer system, provision was made 

for compensation for' a dif f erenee'" r ih'hei^t '* between 'the control point 
and" the firing point i • ' When a' particular firing’ site was selected, an 
appropriate initial angle was furnished to the optioal sight, so that 
it accommodated the* difference in position of the missile when fired 
from ah elevation different from the oontfol point* Provisions were 
xaade in * the cc%uter to handle height diff erehces of 30 meters# 

^Technical details on this part of the computer can be found dn pages - 9-21 *7 

Simulator for Dynamic Testing of the Was serf all Computer 

22# In' order to make dpvxnlc tests of the computer system, test equipment 
tie made “t6“ furMshyinputs to the computer# These inputs corresponded 
to tallies of horizontal and vertical angles that are 'furnished normally 
by the target sight#*' In the test equipment two cams, operated by a 
Constant speed motor, furnished these values* Two more cams computed 
values of the desired output of the Wasserf all computer* The output 
" of the computer and the otfcput of the cams providing the theoretical # 
desired output went to differential indicating devices. These indicators 
then showed the error in the computer directly* To simplify the testing 
procedure, marks were placed on either side of zero of the indicators. 
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without the use of an all-weather aiming device such as a precision radar 
, * pet* As described by source, , there were provisions for a radar, but 
this radar %ras to be used as a searching element rather than a precision 

tracking element* In diagrams, pages 8-16,' it can be seen that' inherent' 

in the design were connections for a radar* She firing commander, however, 
switches to the optical target tracking sight as soon as he ^decides that 
the target is within range of "the six firing sites Under his command* 

25X1 I I nd ftirtheF'knowled|^ of” “the ' contemplated "use of homing equipment 

in connection with the 'lasserf all missile* There were apparently some plans 
f br J&e us e of a ' proximity fuse when the work was started In Gema in 191*6, 
and prior to that daring World War II* No work was done oh this by the 
German group at Nil 1*9* There was nothing that was said or done by the Sov- 
iets at Nir 1*9 to indicate that there was activity along the lines of target 
hondng or proximity fuses* 

Considering the restriction of the German activity to fairly orthodox engine- 
ea?ihg^Tefinement to the original Wasserfall control system, and the lack of 4 
evidence of all weather operation, and the lack of target seekers or proximity^' 
actuated fuses, it must be concluded that the six years of activity by the 
German group at Nil 1*9 did not significantly advance the Soviet capability 
9£ - yi A in ground-to-air missiles as tactical weapons* There are other by-products 
ZD A I A which must be noted, however. Considerable experience was gained by the 
Soviets in the development of a prototype ground-to-air missile control 
25X1 firsfogu" ' Additibhally ; as ;] | 

| j the " actual process or researcn ana development was under close 

observation at all" times • Many things must have been learned by the Soviets 
25X1 by this observation) " just on the general art of rese arch and development, as 
dirtied but by the Germans. ” | _ I there seemed tbbe a 

great gap between ^ the ore t idal analysis and the actual production of «black 
boxes* based on theor y, I | 

ocv-i | [ ftitdj nsigfa opinion of the quali ty of the theoretical 

capapxxities of the Sovietr i~ i at Nil 1*9. n qualified 

this by saying that- ^thvww'^o^ ’thlorttlcsl and hot practical at all"# 

25X1 LJ-opinioa may have' to "be discounted slightly /as typical of the general 

opinion of many ^practical* men f or theoretioians* 

In cpj&parihg the ' quality ahd^exteht"6f develbpmoht'ddne'oh“Wasserfall at 
problemoT squal““d'ifflculty >hich nd^&t*~be presented to the 
W.S* xwesahcITand dd^lbpMht'ebfielbhsi'It must ‘be "stated that, even though 
the tftrmuui 'at "'‘hs«d±c«ip»‘,‘ the efficiency m& 
Initiative shown is vexy lbw* Xt~ is’ conceivable that a problem of this 
nature could be solved in a satief acioxy manner, if hot" radically improved. 

In lei s than T two" year e " by a comparable' institution in the' Ghited" States. 

Bdn, eo^tts^rilhr'be^tuifair since’ the German efforb, plus the Soviet 

was eoiuSscted" With It, did hot have the benefit of the tremen- 
4^^ fi®f?itles available “for problems of this kind* ' However, since these 
diff^rehbee Actually exist,' ' they must be taken into consideration in 

of the 'activity at Nil 1*9. It should be stated parenthe- 
tically that it is not a question of welding individuals, man for man, idea 
for idea, ' but of comparing the total capability which includes the available 
resources, the background of research and data, component quality, and even 
25X1 X confidence in the scientific effort. * 
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During the course of the teat run, < mpirner would be readjusted If 

the needle of the indicator went to© r he* marks o i.Hced on the Indira - 

tor* The marks were placed at points representing plus and minus 1*0 
degree* /A functional diagram oi this equipment is found on page 2&J 

Controller Training Equip ment. 

23# An'^rattonSI ' trainer was^designed and built by the Germans at Nil 1*9*' 
•Wiis. was furnished to the soviets along with instructions for the opera- 
tion of the trainer and the training of future operators. /Pages 30-32 
contain technical information and diagrams of the training equipment*/ 

Calibration of Amplifie r Gains 

2li« A device was designed to insert inputs to the amplifiers of the Wasser- 
con^uter^ -These inputs woula oe constantly-changing' angles, and 
angles whose value changed its a sine function of time*'" The purpose of 
this' "test' /equipment' was to permit the adjustment of the amplifiers as- 
sociated with ' the' 'determination nf ?/f" , 9 ^ 9 ^ ^ 0 

^7^'^/';^5efe p ence is made t-.; m igis ~ %&• ■¥*%&&* 

schematic diagram is shown ox tha nencn test lay-out when using the 
calibration equipment*/ 

*« 

2$, A constant speed motor was used to furnish the drive for the test equip— 
v This motor also furnished- a time bs.s« for the oscillographic re— 

porder ^iffiioh^C!'duld''be'used to measure the error voltages when the test 
^ ’operation* The motor was connected, either directly to 
a set of coarse and fine selsyns or through a mechanical sine wave 
generator* Connected mechanically to the motor was a tachometer which 
furnished a voltage proportional to the speed of the angular change of 
the transmitter selsyn rotors* Also connected to the motor was a 
potentiometer which produced a voltage. proportional to the angular 
position of the transmitter selayns-, In ihir, manner both mechanical 
angles and voltages were transmitted by the drive system for the test 
?3uipmentr # ’ Thevarious amplifiers were then connected" in” the circuit 
, B ** ro ** by the indicator shewn in the upper right hand 

portion of diagram 33,/# and by an' oscillograph ' which 

recorded time pulses arid speed oi' angular change* By inspection, 
then, the amplification and phase advance of the different ' amplifiers 
• ^ adjusted for optima This provided" the Germans 

' system for calibration of the amplifiers before in- 

serting them into the dynamic tests of the entire computer system in 
operation. 
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there seemed -to be an undercurrent of Interest in the 


— — __ m m<m . — — 7 — Ui. JUi(;C100D X-* 

■TT *fu -t eat exceeded that for anv other act ivity by the Germans at 

*p 7“* I I there was an obvious attempt 

at dissi mulation on the part of the Soviets regarding their true interests. 
Homsyor, j | several instances where undisguised interest was 

displayed in the form of questions from individuals in the parallel Soviet 
compute* development laboratory, and by questions from visiting Soviets 
»om Moscow, and by covert tinkering with test setuns during the night when 
tbs Germans were in their billets. The fact that actual firings were mads 

"•“S JH-Wit mode-up finished in 191*3 tends to sunport the | 1 

opinion of serious Soviet interest in this missile. ’Regarding the capable- 
ivies of this missile as a tactical weapon, it can not b© seriously considered 
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Technical Discussion of the Wasserfall Control System 


Tgo TMsekall system was designed to furnish * .«romd cohtr< ailed |rouad- 
to-air aissile fired from six points around f control point. The foll^ 
ing ire located at the control points: a »dar for iocation dftbs target, 
an* optical system for determination of vertical andaximuthal angles of 
thetlarget and the range, and the control hoard for the entire system. 

The system %»s designed for ranges of 20 kHoaeters* 

Operation ' 

2. TiiTfesserfall commander^ has at Ms disposal an ;pdic a tor|mnel *McT 
receives angular and range information from a radar wet that It Pj*«pd 
on the thrgei. flheh the commander considers that the t«get_ is within 
fjnge, he telephones the optical eight operator to tell him : that he_ 
should fellow the target at the angles indicated to him from the radar 
iyaSS. Uliett the optical sight operator^ fixed on tha t«lg, the 
OOilaahder decides which firing site should be used by reading the _ 
petition of the target’ from the remote indicator panel of the optical 

' piglht. ' BUgJ®* %* ' * '■& 

3. U his command then, the correct parameters are applied to the parallax 
da iput ar iutbaatioally. The correct Initial angles are applied to the 
SiMile sight. The missile sight turns to the proper initial_an^.es 
through a servo system that follows the input angles f ^ r ^?kodhyths 
computer. Uhin the miseilo controller (at the missile tight) deten^te 

% * that 'the sight it in its oorreot initial position; hewlosas hit f irtng 
gPitoh. This sends a signal to tha control board, and to the selected 
firing pdiht which firoa the missile, then the missile leaves the pl at- 
f orai* ii' ooitaot is closed to start the time synchroniser in the' compmter. 
Tha computer then operates to control die angular position of the a le eil 
sight according to the prescribed dynamic equation. The misaile control 
operator steers the missile by measuring visually the error in position 
STthemissile from' the center of the cross teirs^imthe^At. 
operates the Joystick" (Knueppol) to send a control signal 
fl^edWdter to the ridio transmitter used for control of the missile. 

Thi TA^computer servos as a cooMinate resolver t6 translate the vertical 
aad horiaontal' control signals into the appropriate .«•£ 

Thirls iiecdssary booause t&e misaile doee not bank A 

Sbntielled vertically aid' horizontally by apportioning the vertical and 
hbrisohtlX SCntrd signals to the mlssila control surfaces according to 
• t&afoilowinfoquationr 


f 

Is 


tTai.n 


The ‘initial trajectory computer operation is based on a second order dif- 
flrehtisl "equation that' positions the missile aij^t, so as • bo do®® 
Initial iiTor (taking into account also tha parallax) of the missile in 
a critically dampedmahner. Ihen the missile is within 0.5 degrees of 
tog target^ 'a cohtaot Closes in the computer to cut the computer out of 
the positioning system of the missile sight. The Tau-compater, however, 
OoptStte* to be operated from the angles furnished by the optical target 
ilflht. A proximity fuse was required to detonate the missile when it 
rwhed'the vicinity of the target. In the absence of a proximity fuse,, 
hile^r; a switch wis furnished to the optical t arget sight operator to 
detonate thd missile at the appropriate tine. This is possible since the 
optical target sight operator has knowledge of the ranges of the target 
and the missile. 
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When the computer is released from the operation, it ram automatically 
hack toits initial position thus readying itself for further f ixing com- 
putation. ^functional diagram of the W a a serf all computer system ib 
shown in Diagram 2, page 10./ 


rheory of Operation 


6 . 


The tas serf all system comprises offset fired missiles, an irdtia 1 tra- 
jectory r computer , an optical” target" sipt/ and ah optical missile sight. 

^e ITaasiwfiQl Msiile is fired vertically, and for six seconds is not 
controlled' from the ground;" Six seconds after firing, the optical sight 
is positioned' so as to satisfy a second order differential, equation^ich 
redtades the initial error to a value of 0.? degrees, ^^oystick °P®rator 
corrects the path of the missile so as to center the missile in the missile 
sisfct. Since the missile is fired from an' offset position, the computer, 
in calculating the position of the missile, must take into account the 
parallax involved. From that point on, the Joystick operator corrects 
Se'jitH'of' , Hie’4iii»il!»''soas"te"'fly"in'pwsuit of the target, Ihe baslc_ 
equation which controlled the initial trajectory of the Was serf all missile 
is as follows: 


^■Ef f W ( ^E ~ 'jf’i) ^^E-f ^Z_7 * 0 


■where 


f (t) 


« ( ) 


- vertical angle of the missile. 

■ a straight line function of time. The purpose of 
this is to introduce gradually the control input 
to the missile. 

an arbitrary function of the quantity included 
between the brackets. This function was derived 
at Psehemuende during the"'warj' sn^ represented a 
more" optimal function of error with time than 
Obtainable with' a linear second' order differential 
aquation.' In off ict, it permitted a more rapid 
wduotibh of the error without the high acceleration 
peak normally obtained immediately after the moment 
of firing. 


/j^ l = vertical angle of the target. 

1 Comment! If should be noted that with the exception of the 
MB non-nnsar c oefficients involved, that the equation is a fairly straight- 
n jartitci+.4 ftti w-f+.K vl' constant-rate steady state 


two non-linear ooeiiicieir&s urroxvwu, - v v 

t orward' secofcd order differential equation with a’ Constant-rate steady state 
solution# The error reduces to within 0*5^ degrees, when is zero * ^ 
seconds# With a rising z normally found in a firing problem, the ■ 

tion time is reduced acoftdingly. In Diagram 3, page 11, is shown the geometry of the 
computation with the parallax computed in Cartesian coordinates. Diagram U , page 
shows the geometry of the computation with the paral l ax computed/ in polar 
coordinates 

The Initial Trajectory Computer 

7, in accompanying 'ibotcSi' diagram fcp . P*ge 12/ shews a fairly detailed functional 

layout of the initial trajectory computer together with the Tau-angle 
computer, and the elements of the time synchronizer necessary to show the 
interconnection between the components of the computer,* The input to the 
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Tirtlcal AiigLe" Coi^titer comes from" the optical target sight in the form 
mtWt** and' fine vertical aftglea, C^zJo These are applied to ^ 

iMLifier A tTron motor B' which is mlchamcally connected ^ tachometer 

fl* The tachometer B furnishes the rate of change of the vertical targe 

This is'Mded^ elements of the control equation 

thfoughMe potentloister W&* limiter I# And the mechanical adder D. 

The acdeieritioh of ' the vertical ahgle Is obtained through a tachometer L 
iti& Mite nitwork' Ttr btttain . ‘ The controls are applied gradually 

threngli the'piientioieier XI imieh is 'm By the constant speed motor AJ. 

The computed vertical angle MT $) is applied to the sine-cosine resolver 
P"tS -ffimisfi ho and eic E ; Mbeh decreases to a value belcw 0.5 

Stjn4"i •tW*^-# gjif &r'lTii~«»ri^feerwac9 voltage causing it to 
return to Sodgrees, thus^preparing the computer for the start of a not her 
firin g problim. Tbis'li done through the contact G which is set to operate 
at 0.5 degrees. The opening of contact G operates the relay AK in the 
time synchronizer toswitchin the reference voltage for^g a 90 degrees. 

T his reference voltage comes from the follow up selsyn 0. 

g. then the computer goes into operation, the motor AJ runs to furnish a time 
h*i§e for the time synchronizer, and to operate the distance cam AB, ana 
thi offset distance reducer cam' ID. The output angle of the distance cam 
ttirns a selsyn AA to j^ye a'vblta'ge proportional to the angle tornedby 
tgf d*m' AB.'"This is ■ 'applied'td the' sine-cosine' resolver P in the vertical 
angl e computer to furnish the ccnnputed height of the missile (h E ). 

9. TM " M ' -tnpnt, frOT the optical target sight is furnished to the com- 

putef is ooilfBe and fine ilgnaji.' These are applied' to' the ^ amplifier X. 

it 'fiiitiriii'tiiQtQr'T ■Bhleh is inechahically connected to Selsyn S 
ffr -vai-taga- jfrapsrtltsri&l to the target angle (0Y). 11113 volta B # 

faVw&ortional te''tha i^itial“an^e to "which the optical target sight is 
tnmrt. ''Oteihg~t^ 'rawt~io<>bhaa" of flight when the missile is accelerating 

ya*ti&aa£; the 

initial Tan Angle * (Tl) to operate t6a fau angle coiqpu'fceiy and piece it in 
ffi|\ihfrict''lMUaI position! ' The contact AM is operated by the time 
sy hbhronigir V * ' 7Tb* operation' of the ~ syrichr ohizsr is described in para- 
graphs i7'tbr6aBi"21. ' The detailed operatioh"^ the time synchroniser 
iTehown in diagrams 7 and 8 «& Pag® 5 & •** l6 V 

10. Motor T ie also connected mechanically to the aine-cosine resolver R» 
wkoee inpat le ekp# Tile oatpate of the resolver R furnish ekj£ sine z 
And eta cosine which are added to components of the offset distance* 

«a arolied to ®[e inpedance matchers AH and AO. The outputs of the Im- 
pedance matohers AH and AO are fed to resolver AZ. The rotor of AS is 
composed of two coils 90 degrees to each other. The output of one coil 
is fed to amplif ier BA. This operates motor BB to turn the rotor of the 
roaolw A2V SO that it is 90 degrees to the resultant field 'furnished 
by’t he two eoila ' l»~tha stator. ' This angle is the computed horizontal 
angLe of the missile (tf's). The second coil in the rotor being 90 degrees 
to the other receives the maximum voltage of the resultant field. This 
voltage is the vector sum of the voltages applied to the rotor » and is 
the horizontal component of the distance of the missile from the firing 
point (e'ka), This voltage is applied to one side of the stator of the 
aine-cosine resolver AT. On the other side of the resolver AT, there 
appeals' the height of~the missile' from the firing point pitta the differ- 
AhtiittTsetw^ the 'height' 'of “the firing point and the aiming point. The 
fdl^igt>from the‘rot6r doll' is amplified'ahd operates motor AR, causing 
the' rotor' go to null. The' angle of null represents the angle of eleva- 
tion of the missile from the firing point (Vr). This angle is transmitted 
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bjr * coarse-fine selsyn system through tha relay ah to the control system 
of the optical missile sight* > 

®^^hrly # the horisoatal ingle (jt») is taken from the motor BB and sent 
eoahse-fine selsyn system (BG and BD) ' throti^i the rtlhy AH to the 
control system of the optical missile" sight* "Iheh' the errtr' between the 
aiisile and tirfet"Sae been reduced' to0.5" degrees, the contact Q operates 

The angles whieh are 

sent to the optical missile sight then earns directly from the optical 
target sight* 


12* The Tau angLi cOmputer receires its input from tachometer 9* The voltage 
>V- applied to tachometer TT "cbase "from resolver ~fl , "iai- is proporti onal to the 
vol^r then freei the- tachOMter Births predict of the 
rate of change efvflf and sine This product’ is added to the follow-up' 
voltage from the d&tput "motor of the Tau angle cearputar (speed feedback) , 
•£ tte motorie proportional ^ td "th*~iapUt~ voltage* i 

m®tbr AIT operates the four bohcetshatad sine- eoslne poten- 
t'o' give the components of the Control signalf ram the" Joystick. 
®?ff componS&te" ire then applied' tr the input ' of the radio transmitter " 
associated with the*¥ieeerIall - eyBteioi ' It~ should" be noted that the “ Tiu- 
pgle oos#uter*stiys ih'dperatioh until" the" end of the"flight of the " 
missile, whereas "the vertieillhgle computer and ’ the parallax dosputer 
. g0 “t . of &** teen reduced to 0*5 degrees* 

*3* paraiitrio vmluss of offset distance, angle and 

haight are ii^oated'as hoing'w6uha'in’'ty hand.' Bit latest model of the 

"Wiirti&fef these parameters. Operation of 
the automatic' parametric solictor la shown on diagram* page ;?5. The offset 

distance is applied through' resolver IE. lie" offset" ingle Is ‘applied 

differentiel is applied through AF. 


Tho Polar Computer for Wasserfall 

™6rlgimiy*"ifp»&u tan? out the neeee- 
poli^ ’ ooordihatie . In Nil I&, a change- 
®T*n lr *i made to Cartiiiah coordinates. Forpttrpeses of comparison. the 
polar computer ie described below. /Jee Diagram $ f page 13 T/ 

15 * The vartioal angle eesputer is asssntlally the sams as that uaad in tha 
computer using Cartesian coordinates. Ths diffsrsaos lisa in tha mannsr 
of calculation of the resultant vartioal and horizontal angle* uaad to 
control the missile operator's sight. Ths horisontal angle from ths 
optioal target sight (<£*) is in this oass ooavartad to a voltage whose 
P£* a ® • fu^tion of the angle* this is dons in Selsyn A /shown on page lh at 

the bottom left of Diagram#; A thraa-phae# input voltage to ths stator 
01 t ® i * aaliyn oraatss a rotating field* Itosn rotated through tha angle 
required, «. ia ths^Cartssian oemputer, the ’ output froa the rotor changes 
fhass proportional to the angle through whieh ths rotor is turned. This 

L?* , ThiB wltags is applied to the potsntio- 
«tsr in the Intermediate eontrol system. The potsntlaastsr B is turned 
. *“£:• proportionsl to the horisontal eeapenont of the missile 

■" SSSSff.ra] rae d«#Iiifi*rfdr tetdr C reoeivf* its input 
ih* SfSOS-Mrfi. **£•«*** oda^tttsr Where it is computed from the missile 
- T* rt1 ®? 1 ' as output of the potentiometer then 

of ekg z . This veeter is added to the vtctor 
TS- ®^®*^ ^•tanoe (u^) whieh is obtained in a similar manner 

r* J"*®* intermediate amplifier. The result of this vsotor addition 
(whieh is the output sf the preamplifier of D) is ths eoala rvalue e»k R . 
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This voltage is applied along with a voltage proportional to the missile 
height in resolver E to furnish the output vertical angle The ampli- 

fier D is used to fuinish an angle proportional to the sum ox the input 
angles. This angle is applied through a coarse-fine selsyn system to the 
missile sight, 

16, The other elements of the computer system are essentially the same as 
that using Cartesian coordinates. 


Description of ^geg uencre Selector (Time Synchronizer) for the WasserfaXl Conyuter 

17* In order to obtain a clear picture of the operation of the time syncroni- ' 
zation that triggers off the various functions of the Wasserfall computer, 
a detailed diagram is shown on page 1$, The condition of the relays 
associated with the seven cams with respect to time is also shown on page 16 


18, 


initial carae is as shown on page 15. Upon 

receipt of the signal showing that the missile is airborne, the magnetic 
coupling of ths constant speed motor is clutched in by energizing it through 
the upper contacts of cam So, 1 , The cams, being connected mechanically 
to the motor, begin to turn. Cam No. 2 operates O.li seconds after the 
start to allow voltage to be applied to the magnetic coupling through the 
upper contacts. One half (0.5) second after the starting time, cam No. 1 
releases. This does hot affect the operation at this point. Six seconds 
after the starting time, Cam No. 3 operates to' switch on the signal light 
showing the firing commander that the initial control has begun. At the 
same time} cam No. t and cam No. S^operate to connect the amplifier with 
its input, a nd to connect the Tau angle amplifier with its input. 


19. The cams turn then for 29 seconds. During this time, the shaft of the 
motor is connected through the magnetic coupling to the cams controlling 
the gradual reduction of the base offset distance in the computer* and to 
operate the u(t) potentiometer that' is integral With the initial trajectory 
computer • At the end of 29 seconds, cam No. 2 operates to break the circuit 
to the magnetic coupling of the motor. The initial trajectoiy computer 
continue* tooperate the optical tracking sight. Mien is within 0.5 
de^des of ^ 2 * a voltage is applied through the lower contacts of cam No. 2 
+w*v is how closed), to energize .the magnetic coupling again. Three- 
tenths seconds later, cams Ho. 3 . arid 2; operate, the signal light goes out, 
and a voltage representing the initial position of fa (90 degrees) is 
applied to the ^ E anplifier. Tiro tenths seconds later, the /hv m 7 
contacts in the initial trajectory computer open up again, and the voltage 
is remove dfrom themagnetic coupling. Cam No. 5 operates to replace the 
computed g* *»le«ses the entire conputer with the excep- 

tion of tnfe Tau-arrgle computer. 


20, When the optical tracking operator determines that the end of the firing 

b ® er ‘ ached (either with a hit or miss), he operates his firing end 
switch. This closes a circuit which applied a voltage through the closed 
upper contacts of cam No. 1 to cause the motor to be recoupled to the cams. 
Cam No. 6 operates to furnish the Tau angle amplifier with another initial 
angle that Ms been selected by the firing commander. The cams continue 
to run until cam No. 1 operates, breaking the circuit to the magnetic coupl- 
ing. Thus the cams have turned through 360 degrees and the sequence selecto] 

to receive an impulse from the "missile airborne" contact in 
the firing platform. 

21. It should be noted that the motor is DC, shunt-wound, and that the regu- 
.lator is a standard inertial governor. 
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The Tau-Angle Computer- 

The Eleotrical Tau^Angle Computer 

1, The description of the operation of the electrical Tau-angle computer 

has been previously mentioned. The detailed operation 

of this -’tempttter is as indicated below' and refers to an accompanying 
sketch diagram 1* page 2|7. 

2* Prior to the operation of the computer, the eine-eosine potentiometers 
are positioned by the angular position transmitted from the Wa sserfall^ 
comouter. The C— relay /£n the lower portion of the diagram pa -pave - Wt! ■ 
is closed to furnish an" error voltage representing the 
difference in the engblar pdsitibhs of the transmitted angle (eigma), 
and the position of ‘ the" sine-cosine potentiometers. This voltage is 
applied to the servo ii^lifier ifhioh actuates the motor to furnish the 
power to turn the potentiometer*. 

3. When the initial sipaa angle hie been readied, the C-relay operatea, re- 
moving the input from the sigma output of the Vaeeerfail computer. A 
voltage proportional' to G^sih ^(computed in the Wasserfall counter) 
is applied to the amplifier against the feedback voltage of a tachometer 
connected mechanically to the servo motor. “The motor speed becomes a , 
function of<r sin 4T, so that the underlying equation t • 4~aln fir ; 
is fulfilled. v I , 

lw The outputs of the sin* potentiometers are oombipsd and applied to the 
elevation section of tbs' transmission, and the cosine potentiometer out- 
puts are combined and applied to the turn control portion of tfao transmission. 

5«- The accuracy of this Tau-angle computer was approximately 1.0 doppoe* 

The gyroscopic Tau-angle Computer 

6, In the -course of the development of the Wasserfall computer system at 

HII U9, a hew' method' was auggeited'hy the Soviets to furnish the necessary 
Tiu-ahgls computation. The mithod, althou# Wore elegant technically, 
required much more space (five time), and required' three times more- 
electronic sqolp»nt such as rectifiers, amplifiers, etc. Since it w 
a Soviet idea; the Qeraans, although having voiced their objections, built 
the gyroscopic Tau-ingls’ computer. This computer evidently worked to the 
same aceuraey as the electrical Tau-angle computer designed toy the Germany. 

I 1 Consents* Although the disadvantages stated above are quffioiont 

1 w wswrensn elecirloal method as superior to the gyrffRfti* method of 
confuting the Tau-angle, it demonstrates the fact that son*' under# tending and 
initiative in the Soviet elements of Nil 1*9 existed regarding use of gyroscopes 
for computation purposes. With some redesign and simpli£toa*i«i, the gyro- 
scopic method might well be the basis of as good a piece of computing, equip- 
ment as the electrioal computer. It is not intended to imply that the idea 
itself for the gyroscopic computer is brilliant. Actually, asy design engineer 
experienced in the use of gyroscopes for stabilisation purposes should be 
able to come up with this solution./ 

7, it was necessary, as in the electrical computer, to furnish an angle Tan 

related to and signs according to the following equation* 

, T ■ sin 
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The an&Le sigma (representing the direction of the missile) is furnished 
to the computer by turning' thd' turntable ^ upon which is mounted a two- 
gimbal gyroscope* The gyros c6pe housed in the inner gimbal is processed 

so that it assumes the angle gamma (representing the vertical angle to 

the missile) • As the housing is'turned in response to the change in 
sigma, and as the inner gimbal is turned to follow the gamma input, the 

slip rings on the inner gimbal are comected to sine cosine potentiometers 

which furnish the necessary resolution of the input Command turn and 
elevation signals according to the above mentioned equation* 

8* The gyroscopic Tau-engle computer operates in the sequence outlined below* 
(Refer to accompanying sketch ^Eiagram 2 $ page 23 / 

9* ^The housing A is oriented to the angular position of "the missiles by the 
motor connected' to ’ receiver sfelsyris'D; All the missiles are^oriehted in 
the same angular position. 'The blocked selsyhs CC act' as transmitters, 
and upon initiating the operation of the Tau-ahgle c©Bputer,~a relay is 
operated to cause the motor to turn A according to the angular position 
Of the transmitters C# During this time, the gimbals are locked in the 
90 degree position# "When the error between C'and D is reduced to zero, 
the gimbals gre unlocked by solenoids M and N# 

10# The Initial angle of is ajpplied id the computer by the action of the 
* relay’ IT which connects the receiver aelsyn D' with the dr 55 transmitter 

lelsyns in the Wasserfair comjute^. Thd turntable then assumes the initial 
Anj£*CTz 0 * Since "the inner iimbil ring I' is unblocked and the rot dr is 
' goSi^ at full speed, the gyroscope K remains in its initial position# 

11# Thd outer gimbal is then “Rotated ‘to 90' "degpies^td" erect If, and then to 
the' 'ihitiar^pl'*^”'^ ^peratiSi of ’the; sels^We^»’8r..?4 ?*' 
operation' of tnxs servo system' Is “such that it cm process at. 30 degrees 
per 'second# ’ ‘The ' outer ring ff then' follows the input' gauma from the 

\ Wasseff all computer i ' The gyrdsbope'of cwirse ^ reiaTris'ln the vertical 

position, but" the 'housing H“ rides' at"the angle gamma to the turntable A# 

The computer is now ready for operation# 

12# By operation of relays’d and' t, continuous ^ valueS of sigma and gamma are 
transmitted to' the servo' systems" controlling the' position of A and H* 

By “the geometry of the''giaibaIS' and' the ’gyrdseop^i ‘ if can be ’ seen that as 
tlSe ' tu?n&ble'' i 'i''is ''tftrhed threiugi sigia, the output angle appearing at 
fl ie ''sigma’’**' ’sine" gamma * Connected to the spindle Q are the four sine- 
cosine potentiometers that form the resolve system for the translation 
of the input signals from the joystick operator* The resolved signals 
are then applied to the transmitter from the output of the resolvers* 

13# The gyroscope is kept erect throughout the entire operation by contacts 
8 which operate a motor T# (k detailed view of the contacts is shown in 
the upper right hand corner of the diagram* In the upper left hand 
cox*ner of the diagram are shown the electronic components required for 
the operation of the computer ©/ Components 0 and P are the amplifiers 
for servo systems G-b and £-F respectively* R is the rectifier which 
furnished DC for the anodes of the amplifiers » Q is the box containing 
circuit-breakers, junction boxes, etc* 

lb# W is the heating element in the computer that was used in order to keep 
the gyroscope and gimbal bearings operative even at temperatures down to 
m4mf« 60 degrees* This element was not automatic in operation, but was 
switched on at the discretion of the “operating personnel o (IShen the 
temperature reached minus 20 degrees, the heating element was switched on*) 
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Automatic Selection of Offset Parameters for the Wasserfall Computer 

I* irtMS" Sketch on page 26 is shown a fimctioiml layout of these 

Clemente of v the T&sserf all computer system that comprised the automatic 
•election equipment for the offset angle, distance, and height of each 
of tHe six fixing sites* The upper portion of this sketch shews the 
lasierfell cwhaahder f s control box, in this box are located the six 
buttons that' corrispohd with the six firing sites* " ' It "includes a cancel- 
lation button {Ruecketelltaste) which is operated prior to the selection 
of another fixing site* 

2# The lower portion of the sketch shows the electromechanical elements of 
to* electric system which are located in the computer itself* Both the 
control box (iTailable to the Was serf all commander) and the computer 
contain' indicator lights which operate automatically when a particular 
set of ' pariroeters hare been s elected. Upon operation of a particular 
button, the following sequence takes places 

a* Gohtrol Rod (A) is moved to the left by the cone on the push 
button rod* 

bft Keeper ’ Bod' ‘ (B ) i» rfaeased^'the' sblehbid’ (B) and holds the " 

push botton down* The solenoid is released by breaking contact (D)# 

Oft Contact" (OX is made by the action of the push button rod# This 
UIow' current" to ’flow "in the solenoid (Of)# Tfiiii' lifts ‘the rod 
forming ‘the eort’of'the solenoid'#' Iftls rod closes the contacts 
IWilbh forntoff cwSinf' to" the magnetic' coupling for the three 
parameter cams obrreeponding to the site selected* The rod also 
frees the three bam followers which now press against the cam 
for this firing position* 

d* the motor turns the three cams through the magnetic couplings 
asebciatod with eaoh ‘Cam* Ihen the cam rotates so that the cam 
follower presses into the detent, the circuit is broken to the 
solenoid controlling the magnetic coupling, and a contact is made 
which is in aeries with other contacts leading to the indicator 
lights In the ettnputer and in the Was serf all commanders control 
box* 

e* The three parameters are then selected as described above by the 

action of the detents and the cam followers which disconnect the i'e 
coupling to the motor when the proper position has been reached* 
Although the other cams representing the other five positions 
are mechanically ’ c onnected with the coupling to the motor, there 
ia i: ho~ action which results because their cam followers are held 
away frem their respective cams by the solenoid rods which remain 
in neutral position* 

f. The mechanical angles selected are transmitted tos 

(1) The' variable transformer (L) which gives a voltage pro- 
portional to the offset distance (u) selected# 

(2) The sine-cosine resolver (M) which is fed a voltage pro- 
portional to the offset distance (u) and is turned 
through the angle sigma u, gives two voltages proportional 
to u sin sigma u and u cosine sigma u# 
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(3) The variable transformer (N) which gives a voltage pro- 
portional to the height (%) of the missile firing site 

selected. 

3* Adjustment of the 16 parameters are done in the following manner: 

a. Set screws are loosened on the selector cams. 

b. The shaft is turned through an angle corresponding to a particular 
offset distance (u). This is done by the hand wheel /shown on 
the ri^it side of the diagram^. 

c. Tlie cam is turned so that the follower is in the detent position. 

d. The set screw of the particular cam is tightened. The adjustment 
then of the cam corresponds with the off set distance (u) desired. 
Any time this particular cam and follower is put into operation, 
this value of offset distance (u) will "Be selected.’ "The same "* 
procedure " is eirried' out* with' all 'the cams .' then complete, ' the 
selector system is set up to select the three offset parameters 
associated for any of the six firing sites. 
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Th^Wasserf all Trainer 

1« In view ofC- the difficulty of controlling the Wasserf all ndssil^^ the 
Germans' at K II Ii9 designed an d built a trainer ,to ^&lve controllers 
25X1 A experience# | [Comments s The ‘ type' of' control utilised 

in the TTasserfall system is c^facteriziecj by ' i^ttTses of cross-course 
acceleration which are furnished by the optical target sight operator# 
Hth the^assipaptioh that the internal control time lags are negligible, 
it can h# easily seen that the problem is a second order one of trying 
tb’ ^oduce a Jli^it trajectory"^ “The ~ error infbr- 

. ..... consists only of the diBpla'cejnehta The 'error correcting mechan- 

ism consists of applying disbrete aiaoimts of cross-course acceleration# 
There ’ heing’no ' feedback '-.to' ' the" eohtr&IIer ‘ btEer^thaa"* iHc"dieplaceaent 
’•;4 error that " is obtained’ visually, ' stability is only obtained through 

f mental computation of cross-course rate of change and the ratio between 

^ , the displacembnt of the joystick and 'the' actbal amount of acceleration 

1 prbddced^ in' the missile by the Consequent control fin movement# This 
mental computation is difficult, and can be compared with the problem 
that a pilot has when faced with the use of~a cross-pointer indicator 
I-101-C, in making an instrument approach orf the'GSAF Instrument Low 
Approach System# Ih view'of^ the extensive off brt'ih'tl^ 
vide equipment to help’ the’ pilot make the mental' computation necessary 
(tof example, automatic 'approach coupling, SOro-reader, and other 
ihstiments)“it’cah^ be hqhsidered that NIX ti9 was ' deficient in pro- 
ducing such computer equipment to help the joystick operator# 

. It is - concluded that the joystick’ operator was faced with a comparatively 

difficult control problem, with only fte ’ simulator type of training 
available through the Wasserfall trainer #7 

2# The trainer ' consists of several components# (See accompanying sketch , 
page 30 «) 

a# The Target Simulator » ' ’ This ‘ was’ a device 1 that" turned and Raised 
in SlWratidri. light r SgWTofc a pbrtlol of a’sjshere, 7 “according 
.$•' ^prAdetefMSid ‘f 01*0^7 This “foiraxla - ^™^ 

flight trajectory of 'aircraft "targets# 'Superinpbsed bh thi^ 

moving* spot was" a cross-hair shadow# This shadow was oriented 

so that *tfie"Vrtsif halw and ‘Horladhtal#' TfiS center 

df which 

ih actual 'firing is * furnished by the" optical target sight operator# 

Ih line“with t he light gun,; is a telescope through which the joy- 
^ stick ojperatbr sights# 

b# The mseile Simulator# The missile slmulator was a device that 
tui^d'ihd’raised in elevation a second light spot on the 
ifihCridal Awface^^ The movement of this light spot was regulated 
l^' a" cba^mter which' furnished viluea to the turn and elevation 
control so as to represent a vertical firing of the W a s serf all 
r v missile# The movement of the spot was modified by movements of 
“ w the joystick operated by the controller under training, so as to 
simulate the changes in fligvt path that would obtain if an actual 
J missile were being controlled# The joystick was operated so as 

to bring the second spot of light into superposition with the 
Spot representing the 'aircraf t target# In order to d istinguish 
between the two spots, the missile spot had cross-hair shadows 
on it which were oriented at h$ degrees from vertical# 
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c* The Sphere* The spots of light representing the target And the 
Msserf all missile were projected oh a 90 degree section of a 
sphere a This sphere was three meters in diameter# For purposes 
of calibration, the sphere was marked off in angles# 

d# The Computer, The functions of the computer were as follows s 

(1) To furnish a typical path to the Target Simulator# 

(2) To calculate the changes in path made when the joystick 
is operated. 

(3) To take into consideration the distance of the target and 
missile in computing the resultant angular change of the 
target and missile spots of ll$it# 

3# Iheh the simulated firing is initiated, the target spot moves in direc- 
tion and vertical angle according to a preselected flight plan# The 
initial vertical (on the sphere) is 20 'degrees » The missile spot is 
started at ' zero degrees Vertlcar angl©7 and at the same azimuth# Six 
seconds' after the simulated firing!,' the missile spot crosses the target 
Spot, and the joystick operator’ begins his control; He moves the joy- 

stick so' as to keep the spots of' light in superposition. His ability 
to d° this can be judged easily hy vistial observation on the part of 
the instructor# ‘Men the problem has ended,' he returns the missile spot 
to' its original position by 'manually operating the computer through the 
joystick# Many hours of training were 'hecessary' before' a joystick oper- 
ator" could be considered as trained controller; ' In sy opinion at 
least one thousand runs were necessary in order to achieve satisfactory 
results# , 

lw The trainee operates the joystick to keep the spot of light from light 
gun B on that transMt ted by light gtah D#‘ The joystick furnishes con- 
trol signals in Vertical and' horizfebal ‘cbmpohentstot he elevation 
control'" cb^uter" and' the" turh^cdntrdr V^uter .‘'‘■‘Ihese signals are 
generated in selsyn transmitters connected mechanically to the joystick. 
The motors to which the transmitter selsyns are connected then run a 
speed proportional to the displacement of the joystick. The motors turn 
the arms of potentiometers N and S so as to bias the changing signal as 
determined by cams 0 and Q# The motors in the missile light gun mounting 
A, turn at a speed proportional to the voltages generated in' the missile 
Control computer (from potentiometers N, P, R and S)# Thus, the actual 
acceleration of the missile light gun is proportional to the displacement 
of the joystick# This is roughly comparable to the actual operation of 
the missile itself# The light' gun D, which represents the target, is 
driven by a selsyn system K, L, and M. The components of the target path 
are determined by cams T and H#' These cams cAn be changed to represent 
different types of target paths# 
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